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Abstract 
Computerized Adaptive Testing (CAT) has been developed for many years. The main concept of CAT is the administration of 
items that are proper to each examinee’s ability. In general, CAT has three important components, starting point, item selection 
and ability estimation, and stopping rules. Although CAT has been used for a long time, but still lack of ability estimation. In 
2014, Zheng and Chang developed a new algorithm to fulfill the lack of ability estimation which is called On-the-Fly Assemble 
Multistage Adaptive testing or OMST. The study of Zheng and Chang shown that OMST is outperformed the traditional CAT.  
Furthermore, CAT reports testing score including feedback to be a summative assessment. However feedforward, one of 
formative assessment, is important to improve the learners. Both of feedback and feedforward in this research are referred to as 
reflective feedback.  In this research, we would like to purpose a new conceptual framework which combines OMST and 
reflective feedback together. Items that we use for testing came from Information Technology Professional Examination (only IP 
level) from 2010 to 2014. Selected items into item pools will be analyzed by item response theory (IRT). The results of CAT 
with this framework will help protect over and under estimate ability of the examinees and will show instant feedback and 
feedforward simultaneously. 
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1. Introduction 
Computerized adaptive testing (CAT) is tailored testing concept, items are selected according to the ability of 
each examinee. Testing starts with moderate difficult item. If an examinee answers an item correctly, next item that 
is administered to the examinee will be more difficult, if not, easier item is administered. Testing will continue until 
meet the stopping criterion, then the testing will stopped. (Kanjanawasee, 2012). At the present time, CAT is widely 
used for admission such as Graduate Record Examination (GRE) and Graduate Management Admission Test 
(GMAT) (Chang, 2004). CAT integrated test theory and technology together for more precision in measurement. 
CAT component has three main important things are starting point, item selection and ability estimation, and 
stopping criterion (Chang, 2004; 2014; Phankokkruad, 2012). Even though CAT has many advantages but still lack 
of ability estimation in GRE and GMAT in 2000 and 2003 respectively. Because CAT estimation based on 
maximum information which is more complicated when the test is large scale. So, researchers have developed 
multistage testing (MST) which help decrease over and under ability estimation (Chang, 2014; Zheng, & Chang, 
2014). 
MST does not use only one item to estimate ability of examinee but also estimates ability from stage. In MST 
separated items into stages, each stage has many modules, while each module has different difficult level. It help 
decrease over and under estimate ability of examinee when test was started. Moreover, MST help decreased stress of 
examinees because they allow examinees to revisit previous question in the same stage which traditional CAT do 
not. Although MST has many advantage over CAT but it is still limited. The panels of MST are pre-assembled. So 
in the large scale testing might have more error because panels were assembled by human. Therefore, in 2014 Zheng 
and Chang had integrated concept of CAT and MST together, called On-the-Fly assemble Multistage Adaptive 
Testing or OMST. OMST is similar to traditional CAT in selecting item on the fly and it is similar to MST in 
separating item in stage. Besides, OMST will reduce error from human by assembling and controlling psychometric 
properties with computer algorithm (Chang, 2014; Zheng, & Chang, 2014). Concept of OMST just has been 
prototyped. If we could implement in real testing, it will be extremely helpful testing system. Generally, CAT will 
report feedback with score from testing, but we cannot found feedforward simultaneously with feedback. Both 
feedback and feedforward in this research are called reflective feedback. In this paper we would like to purpose new 
conceptual framework which combined OMST and reflective feedback together by using a case study of Information 
Technology Professional Examination (ITPE) only IP level.  
2. Literature 
The objective of this study is conceptualized framework of computer adaptive testing with reflective feedback. It 
has many components, which involve with this conceptual framework. First, computerized adaptive testing (CAT), 
items were selected with consistency ability of the examinee. Second, multistage adaptive testing (MST), items were 
grouped in stage and assemble before testing. Third, on-the-fly assembles multistage adaptive testing (OMST), 
items were separate in stage, but each item was selected on the fly like traditional CAT by computer algorithm. And 
last, reflective feedback, combine feedback and feedforward together, which help to improve learning of the 
examinee. 
2.1. Computerized Adaptive Testing 
Concept of computerized adaptive testing (CAT) was established in 1905 by Binet-Simon intelligence test. Items 
were selected according to mental age of the examinee which are derived from item response in previous items. The 
test will continue until it could estimate actual age of examinee.  Concept of CAT has been used for a long time. We 
could meet it in oral test, interviewer could select proper item to examinee (van der Linden, 2000). The main 
principle of CAT is item selection, each item selection came from item response from previous item. Each examinee 
will start with moderate difficult item. After ability estimation from the previous item response, next item would be 
selected based on parameter of items: power of discrimination, difficulty and probability of guessing, which 
matched with ability of examinee. If previous item is correct, next item will be harder. If previous item is incorrect, 
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next item will be easier. Testing will continued until ability estimation of examinee is stable or meet the stopping 
criterion, testing will terminate (Kanjanawasee, 2012). 
Item response theory (IRT) is used in CAT. IRT is relationship between ability and item response, which is 
described by item characteristic curve (ICC). ICC is logistic function or normal ogive function. IRT has three item 
parameters: discrimination power (a), difficulty (b) and guessing probability (c). Item response model is relationship 
between correct item probability and ability that has three main model, as following formula (Kanjanawasee, 2012). 
 
1) Three parameter logistic model (3 PL) 
    
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2) Two parameter logistic model (2 PL) 
  

  
3) One parameter logistic model (1 PL) 
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2.2. Multistage Adaptive Testing 
Multistage adaptive testing (MST) operates different from CAT. The important components are panel, module, 
stage and pathway. Panel consisted of items, which has different levels of difficulty. Each testing has more than one 
panel so it should be parallel. Inside panels have many modules. Each module has same level of difficulty. In 
general, modules are separate with easy, medium and difficult level. MST collaborates item in stage. First stage 
usually sets item with moderate level. Numbers of stage could set by testing administrator. Last component in MST 
is pathway or routing. When examinee finished each stage, it would estimate ability of examinee after that it would 
route to modules, which had consistency with ability of examinee (Zheng, Nozawa, Gao, & Chang, 2012). 
2.3. On the fly assemble Multistage Adaptive Testing 
Traditional computerized adaptive testing (CAT) and multistage adaptive testing (MST) have different 
advantages and disadvantages. So Zheng and Chang integrated both methods together, call on-the-fly assemble 
multistage adaptive testing (OMST). OMST is more outperform than CAT and MST in prototype testing. The initial 
stage of OMST uses item with moderate difficult level in first stage. After first OMST stage completed, the items 
from second stage were selected to match with examinee ability. Item selection from second stage based on 
computer algorithm which assemble automatically. Other conditions such as content coverage, item exposure and 
other psychometrics properties are controlled (Zheng and Chang, 2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1. On-the-fly assemble multistage adaptive testing framework 
Stage 1 Stage 2 Stage 3 
Constrained Control 
Initial Stage Adaptive Stage 
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2.4. Reflective Feedback 
Feedback is conceptual data, which is derived from stakeholder e.g. teacher, friends or book. Moreover, feedback 
is principle of formative assessment. The main objectives of feedback is closing gap between present and desired 
capacities. Effective feedback has to answer three main questions. First, where I am going? Second, how am I 
going? And Third, where to next? However, reflective feedback is formative feedback for improvement. So they 
have two guidelines for giving feedback, guideline for should and should not do (Hattie, & Timperley, 2007, Shute, 
2007). Feedback is used to consider leadership skills for long time. The problem of feedback is that it focuses in the 
past activities, which had already done. It still is lack of improvement sense.  We should utilize feedforward as well. 
Feedforward is activities that does not focus in past activities but focus in future activities. It is a recommendation 
for future improvement, which helps them more happy in life (Goldsmith, 2003). In this research we combines 
feedback and feedforward together called reflective feedback. 
2.5. Information Technology Professional Examination 
Information Technology Professional Examination (ITPE) is an examination that is a collaborate effort by seven 
countries, Japan, Malaysia, Philippines, Vietnam, Myanmar, Mongolia and Thailand. The examination is knowledge 
and skill testing of information technology, which does not involved with brand. It is separated in four levels. First, 
Information Technology Passport Examination (IP). Second, Fundamental Information Technology Engineer 
Examination (FE). Third, Applied Information Technology Engineering Examination (AP). And fourth, Advance 
Professional Examination (National Electronics and Computer Technology Center, 2015). In new framework, we 
use only IP level because it is a basic level of information technology skill. If they pass at this level that mean they 
have information technology skill. For another level may be considered in the future. 
2.6. System evaluation 
In this research, three systems are evaluated. First, heuristic evaluation, search problem of user interface design. 
Evaluators will prove and make decision of user interface before implement system. Furthermore they will 
recommend which part is good and which part should be improved (Nielsen & Molich,1990; Nielsen, 1992). 
Second, user’s satisfaction of human-computer interface, important key of system development is response 
satisfaction of user (Chin, 1988; Navas, 2007). Third, standard evaluation, Stufflebeam evaluation concept, consists 
of four modules are utility, feasibility, propriety and accuracy (Kanjanawasee, 2011). 
3. Conceptual Framework 
Conceptual framework of this study is shown in figure 2. The system was implemented from principle and theory 
of CAT, MST, OMST, ITPE and reflective feedback. In system development have four sections, Starting from study 
algorithm of OMST and reflective feedback report, design and develop testing system, validate quality of system 
and improve, and try out the system respectively. OMST with reflective feedback system consists of five 
components, first, initial testing, ability examination and items selection, item exposure control, stopping criterion, 
and reflective feedback report. Moreover, quality of system will be evaluated by three evaluations, heuristic 
evaluation, user satisfaction of the human-computer interface evaluation and standard evaluation. 
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Fig. 2 Conceptual Framework of Computerized Adaptive Testing with Reflective Feedback 
 
Operation of CAT system have been shown in figure 3. The system starts at stage one with moderate items. Then 
estimate ability of examinees. If standard error (SE) less or equal than 0.3, testing will terminate, if not continue to 
stage two. Each item from stage two cames from provision ability estimation in first stage by using on the fly 
assemble algorithm in selection items. In stage two, examinees will continue test 15 items, if standard error less or 
equal than 0.3, testing will terminate, if not testing will proceed. Testing will continue until standard error less or 
equal than 0.3. After finished testing, system will reflect instant feedback by test score and recommendation report 
for information technology occupation. 
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Fig. 3. Computerized Adaptive Testing with Reflective Feedback Flow Chart 
4. Conclusion 
Computerized adaptive testing has effectiveness in administering items, which are relevant with ability of 
examinee. Although CAT has more effective but it still lack of ability estimation. OMST is used replace tradition 
CAT. OMST is not pre-assemble panel or testlet like MST but select items immediately by using computer 
algorithm after ability estimation. Testing is controlled by psychometric properties as content balance and item 
exposure. After finish test, system would report instant score of testing and recommendation for career, which is 
called reflective feedback. In this research applies information technology professional examination level IP that 
collaborates from seven countries, Japan, Malaysia, Philippine, Vietnam, Myanmar, Mongolia, and Thailand. 
Nevertheless, this research will be used for preparation before real testing, it cannot claim certificate from this CAT 
system. The system apply new algorithm of CAT and reflective feedback together. In future research may apply this 
framework with other examination such as driving license. 
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